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detocted  in  this  aathcd  than  nerit  hnon  froir  dleruptad  sporea  but  those 
present  were  speoies  speoifio. 


CHAPI6B  I 
INTRODUCIION 


The  Hloroeiiorldii,  e previously  otscure  group  ot  obllpite  intra- 


blologlcal  control  egente  anil  their  effect  c»i  eoonomJcelly  li^rtent 


the  eork  of  Ugsr  and  Hosbu  (W2Z)  hne  been  found  to  bo  inadequate. 
Recent  rovielcns  by  Sprague  (in  preoa)  and  Haeard  and  Oldacre  (in  preae) 


gatloo  of  UlO  applicabllUy  of  t»o  olKor  protein  aoparatlon  loohniques. 


3 tepldopter&n 


(HoUothle 


rooai  at  27°C  witli  70%  relallve  numi'iltj'. 


(Table  3)  by  plaolng  a few  dropa  of  a suspanaion  containing  10^-10^ 
aporaa/ml  on  tbe  aiirfaca  of  the  tiediiim.  Thoaa  to  bo  infected  alth 


dropa  of  a apore  auspeneicn  containing  10^-10^  aporeo/nl  were  introducad 


larvae  aere  macerated  in  a ffaring  blender  alth  iO-100  ail  of  glaaa 
diatilled  water  (QDK).  Tbe  reaulting  homogenate  waa  fiUered  through 
plaatic  acreening,  pelleted  twice  at  173Zxg>  resuapanded  in  50-1£0  lel 


li^t 


fomlng  « light 


Inflect  Atbractenta,  BflhavlOT  and  Ssele  filologf  Inb  (A.R.S.,  U.SiD.A.) 


at  Gainasvillflj  Florida*  TnHH  an  atctbs  acre  raised  foUoiiing  the 
■athod  of  SUiiacek  and  Sliller  (1972).  Plfty-riva  n«  of  eega  (approxi- 
aataljr  ISOO)  wen  placed  in  plaatio  containing  $ g of  sedluo.  Five 
dapa  after  hatching.  1 ml  of  a suspsaflion  containing  ^0^  aporea/iol  of 
iaolate  906  was  added  to  ; g of  freeb  oodium,  oixed  Uiorougbl;  and  placed 

transferred  to  bOO  g cf  medium  in  1 pint  mnsen  Jara  covered  with  filter 

Berleoe  funnel  (Rutter  and  Ferkovltch.  1973)  and  nmeeratad  in  a tiesue 


tebbage  loopers  ware  reared  according  to  Heneberx7  and  Kiahaba 


(1966).  FlTd-dap-old  larvae  were  atanred  for  24  hours  and  then  allowed 

a auspansicn  of  h'esem  trlchceluala  eonbalning  10^  aporea/ml.  The  larvae 
wara  allowed  to  feed  for  24  hours  end  then  were  returned  to  the  original 


purified  bF  a modifloatlcn  of  the  Ludox 


(ailioa  coUoid)  density  gradient  method  (Undeen  and  ilgn,  1971).  Two 


apacity 


eantrlfufat. 
pl«eed  of 


1732»g 


filtering  through  several  thicttnessee  of  hijoiipe  . The  flnnl  pellet  Has 
resuepended  to  a concontration  of  10^  epares/al  ih  0.5U  buffer, 


drops  of  tributyl  phoaphete  <rars  added  to  eaoh  75  al  disruption  flask. 


use  (Nelhof  and  fohols,  1768).  The  disruption  flask  use  spun  at  lfX» 


HafO^  buffer,  pH  7,5,  and  pelletsd  by  oantrlfugation  at  30,0COag  for 
20  ninutes.  The  sujiemebant  containing  the  hydrophilic  protein  was 
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CHAPTLh  II 
SKROLOil 


Serological  techniques  have  been  nldely  used  to  deteriolna  taxonoicie 
reUtionoblpa  aonng  parasitic  Prolosoa.  The  application  of  these 
tsehnlquee  to  the  ttloroaporiJa  has  been  haopered  by  the  difficulty  in 
pradioing  sufficient  quantities  of  spores  snd  the  lack  of  a suitable 

Haddox  (1973)  hse  expanded  the  nuctiar  of  microsporidian  apacies  available 
for  MSS  rearing.  Connor  (1970)  and  fouler  and  Baevas  (197«,b)  have 


successfully  anployed  the  HSK  Braun  Coll  Hcooganisar  to  disrupt  spores 


(free  single 


ind  Ufldagren  (W69)  "ere  sblo  to  in/eet  3 lopldopteraa  spooies  Kith 


Thia  stud7  la  an  attempt  to  clariTj  tha  texonomic  relationahipa 
vlthln  the  H.  nacatria  group  (looludlng  n.  plodlae)  and  the  relationship 
of  the  group  itself  to  Nosama  epaoles  naetlng  the  criteria  ereotad  bf 
halt  (1971)  through  the  use  of  serologieel  techniques.  lElcrosporidans 
tested  include  H.  bonhrels . (The  tTpe  species)  N.  alFierae.  N.  plodlae. 


HfdrophlUc 


protein  exti 


tentrsted  to  l.Z-l.U  ng/nl  bf 
sl^ls  tubing.  Dilute  sanies 


ough  5.S 


(PEG  WOO) 


3X1D^  sporss)  »Un  an  equal  volume  of  Freunfl'e  eonplele  adjuvant.  TBay 
were  bled  3 A&ja  after  the  last  Injection.  Serum  laiunoglobulinj  were 
precipitated  ty  amonium  eulfate  at  1/3  aaturatlon  (pH  7.8)  and  then 
dial;aed  agalnet  aodiuja  tetraborate  buffered  saline  (pH  8.b). 


.02  U NafO^  buffered  saline  (pH  7.5)  on  glass  microscope  slides.  Hells 
2.5  m in  diameter  sere  cut  using  a Gelusn  Imminoditfuslon  punch  sith 


Tso  basic  types  of  precipitin  bands  sere  seen  in  antigen-antibody 

involving  large  quantities  of  iisminoglobulln  produced  heavily  stained 
areea  shich  sere  designated  as  major  bands  In  the  text,  v.'eaiwr  hands 
eontaining  relatively  small  amounte  of  reactants  sere  designated  minor 


aanUl  to  clean  aporea  by  the  trianjulaUan  raatbod  of  Cole  (1970), 


ralaed  at  21°,  27°  and  32®C. 
coaasleta  antigenic  aloiliirity 


obaenad  «4th  both  (Figure  i). 


and  32"C,  no  antigenic 
at  S7“  or  320C  (Figure 


5). 


slight 


21®C  (ripir®  5). 


in  nny  of  ths  aajar  bsnds,  nonever,  slight  reactions  of  idaotUy  ears 


(Plgurs  17).  The  darheet  band  formed  slightly  eloiar  to  the  earuo  aell 


tlonal  J-4  beteaan  the  major  band  and  the  antigao  well.  Two  of  these 
ware  located  near  the  major  band  and  another  pair  (Figures  U,  16-17), 
which  BOumtinea  appeared  as  a single  line  (Figure  13)  foraad  near  the 
antigen  waU.  All  of  the  bonds  between  the  major  bond  and  the  antlgan 


(Figure  22). 


u 


coicparlns 


axpr«Msd  (Figurst  17-19).  AnCi-N.  bombycia  aerum  did  not  sroas  re 
filth  &nf  of  tha  other  antlgona  (Flguroa  17-19). 


a adjior  band  b.t.ean  tha  major  onaa  tFigaraa  15-17)  and  often  tha  d^rJtar 
major  band  aaparatad  Into  aaveral  bando  (Figure  16).  A adnor  band  «aa 

9A2  aod  960  (Flguraa  U.  IS). 


identity  alth  the  major  bond  of  iaolata  962,  with  tha  apur  indicating 
a unique  antigen  in  the  K.  nlodiae  band  (Figure  U).  In  addition,  one 


antigenic  a 
15). 


Inner  nmjor  band  of  N.  olodlae 
rejor  band  of  laolate  960  (Figure 


liadlarily  (Figure  14),  The 


u 


ntljen  »ell  (Figure  24). 


Anli-9» 


Woa«w  SE£- 


giv«  a siadlar  but  aucCi  atrcn^er  reaction  th&t  that  seen  in 
t-5.  Uofortunstely^  Isolnte  9t2  developed  in  ineuffioiont  quantity  at 
this  temperature  for  serological  analysis.  The  effect  of  temperature  on 
spore  antigens  should  be  Investigated  using  a non-polyoorphle  species 
such  as  H.  bopbvcis  or  N.  triohoplusia.  Fouler  and  Reeves  (1971b)  found 

related  variation  than  did  those  of  R.  necatrig.  eo  eomo  of  the  N. 
necatrlx  variation  aay  have  been  due  to  the  polymorphic  aporee. 

JohnsQD  and  Powell  (1974)  reported  ttiat  the  electrophoretically 
dlatinguieheble  elcohol  dehydrogenaeee  of  Drceophila  malenoraater  could 
be  correlated  with  heet  and  cold  shock.  The  variation  in  hydrophilio 
protoin  seen  in  the  present  study  and  reported  by  Fowler  and  Keevaa 
(1974b)  may  be  related  to  teimeerature  related  ieoaynal  differenees. 
Powlsr  (1971)  ran  speetrophotooetrla  sssaya  for  the  prsaenca  of  malate 
and  lactate  dehydrogenase,  and  alkaline  phoor^aTssa  in  disrupted  epores. 
he  aleo  attei^ted  to  detect  asterasa  and  peroxidase  activity  through 
disc  slectrcphorueis  and  malate  dehydrogenase  activity  in  intact  sporas. 
411  assays  were  negative  but  store  work  in  this  area  la  needed  tefore 
teoperature  related  iaosymae  can  ba  ruled  out. 

Fowler  and  Resvee  (1974b)  found  that  hydrophilic  protein  spoctra 

deoaity  gradient  method  of  Undeen  and  ilger  (1971)  used  In  this  study 
produce  spore  suspensions  witti  a high  degree  of  purity.  Therefore,  tite 
obesrvatlona  of  Fowler  and  Raavee  (1974b)  and  the  cross  reactions  with 
host  antigen  sean  with  anti-Woanua  s£.  942  sate  may  hava  bt 
host  protein  adhering  to,  or  contained  within  the  spore  wall. 


hydrophilic 


Whero  opplloablo  the  reeiilte  of  this  study  eorroborats  the  flndiji«f 


The  najor  dleadvsntage  to  serology  is  the  large  quantity  of 
spares  required,  lanunodiffuoion  techniques  require  at  least  6X10^ 
spores  to  produce  usable  titer  in  rabbits  an  additional  10^  or 


produced  in  some  o(  the  Hoaeim  son,  iorecting  lepidopters  and  Orthoptera 


1973)  as  doss  starving  the  host  before  feeding  a concentrated  spore 
suspension.  If  these  teehniques  can  be  applied  to  other  Uiorosporidans 


?l^res  1-3. 


boat;  al,  N.  alberae ; pi,  g.  plo^e; 
M038ina  5g.  9A2;  960,  Noggim  960. 


942, 


o ® 


a ® 


fLgiT«  Reaotiona  involving  isolntoa  of  Nosema  912  ralsoil  at 
differant  tamparatures.  Poolad  antlaera  in  cantar  veil. 
21,  iaolata  912  ralaed  at  21°C)  27,  isolate  912  raisad 
at  27PC;  32,  Isolate  912  raised  at  32^0. 

Plgure  5.  Haaotioiis  involvins  frosli  iaolatas  of  Motesa  SE.  912  »lth 
isolates  fn»  aporea  aged  for  5 oonths.  Poolort  antisera 
in  canter  veil.  A,  iaolata  912  raisad  at  27°C  and  stored 
3 Buntlia;  21,  isolate  912  raisad  at  21°S;  27,  isolate 
942  raisad  at  27'>C;  32,  IsoUle  912  raised  at  32“C. 

Figure  6.  Control  reactions  against  ccm  oaraorm  host  using  concan- 
tratad,  unadsor^d  antisera.  Pooled  antiaera  in  canter 
•ell.  oe,  com  aeieronei  21,  ieoltte  912  raised  at  21<"0i 
27,  Isolate  912  raised  st  27<iC. 
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Plgursa  16-13. 


pi.  N.  Bloaine.  bo,  N.  boabyelai  962,  Nosmb  »p.  9A2; 
956,  Noeeaa  o£.  956i  963,  NoatTO  a£.  96o. 


®/g 

®®o 


<D 


<E> 


31 


0 


o 


OHAi-fSa 


taCROZLGCTROFHOmSU 


DorpholosioalXy  Aiisllar  species  of  the  nlcrosporldisA  genus  Noaems 
described  from  the  Lepidopters.  According  to  Nordin  and  lAeddox 

hoeeverj  mn/  of  these  ere  synonymous  (Walser^  1961)  or  Inadequately 

acrylaaide  electrophoresis  nothods  used  by  Fowler  end  Reeres  (1974S|b) 


fteevea,  1974a,b).  Unfortunately,  the  method  still  requires  10^  or 

{1976a)  auggested  adaptation  of  the  low  pH  {hydrophobic  ejAract)  system 
to  micro  methods  such  es  used  by  Fris  at  ^ (1970),  who  analysed  protein 
extracted  from  individual  ajcoebae. 


36 


(1965) 


35 

H«7d«n  et  vid  >ia3Men  and  Ungs  used  alMlsr  nsttidda  on 

quantities.  Thus,  xlcroeleelrophoresle  would  seen  to  be  an  excellent 
technique  for  Inraetlgatlng  taxonomic  relationshipe  in  the  Uleroeporida. 
The  *ork  preeented  below  ie  an  atteivt  to  adapt  the  nethode  developed 
by  Fowler  and  Aeevee  (197ta)  for  analyele  of  phenolic  protein  extracts 


Haaulta 


l>7  »oUd  Unas,  mbior  by  stippling  and  the  insplln  nsrlter  By  dlsgmsl 


band  10  »s  shared  by  all  3.  Kosem  s£.  94a  shared 
14,  and  19  »lth  N.  heteroeporms  and  hand  U eith  N. 


rdlatloaship 


spoeles  lastad,  the  ooe/flclent  of  atallarlty  »as  detarolneS  aa  by  Whitney 
et  al.  (1968)  by  the  followinK  foraula! 


Table  2, 


OOiSFPICIaiTS 


IF  SimUElTY  (Ca)  VAUIES 


13 


protein 


Sifficult  in 


renlts  are  D09t  szplAined  thrau£}i  differencos  dus  to 

polroBrlutioa  of  iselo  used  Id  tbs  preoaut  study.  The  3 UlcroaporldSDs 
used  sro  probatkly  closely  relstsd  so  Hoscas  so.  942  produces  oetosporee 
and  H.  ploHlAe  md  N.  hetercaoorusi  ere  sceocpooled  by  similar  fon&s 
originally  described  ae  Thelohania  nana  (Kellen  and  Llndegren,  19^). 

In  HgKt  af  tbie  enrpbaloglcal  sloUariby  mcb  higher  Ca  values  should 

In  spite  of  the  dibious  results  obtained  so  far,  mlcroelactro- 
phoresis  has  great  potential  value  in  the  field  of  nderosporidlsn 
taynnmiy  as  spores  are  frequently  difficult  to  obtain  in  suffisient 

23Z  and  the  equivalent  of  1.3H0^  spores.  CER  larvae  cey  contain  as 
may  ae  8X10^  spores,  boeever  larval  Anoche''eg  guadrlcaculatua  contain 
no  Bore  than  1.5X10^  spores.  Hopefully  further  «ork  on  this  technique 
will  result  In  greater  re 


eliabillty. 


Figure  29. 


Diagraiimtic  representation  of  1.7  an  diaoeter  oilcro- 
electrophoresis  gels,  [dcnt.oal  n^utbers  adjacent  to 

(g)  Hoeania  hateroaporuiB.  (c)  Noseiaa  ap.  942. 


MIGRATION  (CM) 


CKAPTER 


SPORS  COAT  £UiCTItOPHORSSIS 


and  alM  have  been  ahcnn  to  be  variable  (Kudo,  192'ii  Bluncic,  19H; 
Naltera,  1956;  Kramer,  I960)  and  often  there  la  nioh  overlapplne  betveen 
apeelea  (Nordin  and  iiaddox,  1970.  Other  charactere  aueh  ai  polar 
filament  len^h,  hoot  specirioitf,  tlaaue  apeciflolty  are  alao  of  dutdoua 

anal/aia  developed  by  Fooler  and  Raevee  (1971a, b)  la  an  Important  devel> 
Homigenlter  , a relatively  acarce  and  exijeneive  piece  of  aqulpewnt.  In 


in  the  nl(MmiBporldiaD  epore  ooat  (Sprasue,  1970).  Thia  obaervation  vae 
conflmed  by  the  nletoche...loal  mark  of  Dlseanaika  and  Canning  (19S7)  and 
Tavra  (1966).  Uoro  important  to  the  preaent  atudy,  Vavra  (1966)  aubjooted 
alkaline  hydrolyeed  epore  aheUe  to  ehrosatographlc  analyaia  and  reported 


ilkalino  hydrolysis  only 


of  tbs  epors  cost  is  dlssolsed.  Vsvra  (1967)  subjsctsd  sporas  of  Nomm 
boobycls,  N.  mesnUli.  and  Plsistocfiera  schafemsl  to  several  proteo- 


lytic 


to  the  action  of  chltlnaae  until  the  outer  coat  »aa  removed  by  alkaline 
hydrolyeis,  after  ehich  they  .ere  dieeolved.  Vavra  (1968)  studied  the 


PoXTScr/laiiildfl  geXa  ware  prepared  aa  for  ndcro-diae  eleetrophoreale 
(page  35).  Ludox  cleaned  aporea  ware  peUeled  at  1732ta  for  10 


e/X  sulfate  (Stiapir 


AltAough  apaciea  coa/  be  readily  dietingulsbed  by  this  natbod,  the 


d 


NMOTsla  ariefTcorraapond  to  IhoariFFigUM  24. 
Hunaralg  at  riglit  oorreapond  to  thoss  in  Figura  25. 


CHAPTER 


ISOIXSCTRXC  PaOlSIHG 


Taoalectrie  rocusing. 


lyticBl  technique,  hes  Men  found  to  be  one  of  the  eoat  aenaltlire 
Bethode  knom  for  the  separation  of  proteins  end  other  aophoterio  nole- 


BUited  to  enelyels  of  protein  spectra  (Riley  end  Coleoen,  1968;  Faeoett, 
1968).  In  addition,  Leaback  and  Rutter  (1963)  and  Awdeh  et  si  (1963) 
reported  the  use  of  thin  layers  of  acrylanide.  Vesterberg  (1978)  nodl- 


ieoaleotrle  points  differ  by  as  little  as  0.006  unite  (Righetti  and 


(Petereon,  1971;  Dra.ert  and  Brrg,  1972;  Jeppeaon  and  Berglund,  1972; 


electrophoretic  sethods  (Davis,  196t)  and  the  loa  pH  oiadlfiestlon  of 
53 


(1967)  »hlcl.  -i.-» 


56 

tetiona.  Protaiii  apoctra  recrvdting  from  tbo  method  of  OaTle  (1966) 

raised  In  different  hosts  or  in  the  sens  hosts  at  different  tee^ratures. 
Although  different  spesies  also  shosed  different  spectra  the  auunt  of 

Buoh  Bore  stable  shoeing  veriation  cnlf  aaoag  differing  species  but 
Foeler  and  Reeves  (1976a)  reported  a cooplox  of  six  alcrosporldian  iso- 
lates which  icciuded  3 distinct,  described  species  idiich  could  not  be 
distinguished!  The  following  studj  was  undertaken  in  order  to  determine 
the  snltabillty  of  isoelectric  focusing  for  soparetion  of  apsclea  of 
Uiorosporida . 

Itaterlalc  and  Kathode 

Isoelaetric  Focusing 

laoeleetrio  focusing  was  dona  in  1 mo  thick  polyacrylamide  slabs 
Bsasorlng  90  X 260  ms  obtained  from  UB  (Ai^oline  PAOplates).  The 
range  lies  3.5-9. 5,  the  polyacrylamide  concentration  5S  with  3?  cross 
linkage.  Power  and  cooling  was  supplied  by  an  US  Ujltiphor  apparatus. 
Hydrophilic  protein  extracts  were  concentrated  to  6-5  ng/ml,  15  ul  of 
which  waa  absorbed  onto  5x10  m piacee  of  filter  paper  plaaed  on  the 
cathode  edge  of  the  PAOplate.  Anode  electrolyte  was  IH  HjPO^  while  that 

at  1 ai/sample  and  returned  to  this  figure  at  10-ainute  intervals  until 


The  7 alersspsridieii  leolates  tested  yielded  (rom  16  to  28  bends 


focused  bet.een  p«  5-8  (figure  28). 


, spore  ages  and  hosts.  The  spectra  fras 
, 27°  and  32®C  are  seen  In  figures  29-32. 


efficients  of  siisllarity  were  calculated 


X 100 


U968)i 


SIJOUKITY  (Cs)  VAlatS 


coEFFiciorrs  or  suourity  (ci)  tauies 


N.  DlDdUe  •sra  grown  In  2 dirfereot  ticela.  FowXer  and  Raavaa  (1971-b) 

studf  approxlaatftlj  twica  as  nany  bands  {16-26)  ware  seen  In  each 
spectruo  incttoabinE  a higher  degree  of  eensillvlty  and  resolutloa. 

Fowler  and  Kseveo  (1974a)  found  that  dlee  eleotrophoretio  apeetra 


PA&. 


within  a narrow  ranf^a  (pH  luking  anai/sia  difficult.  Howerer, 
Teaterbarg  (1973)  described  mathods  for  produoine  thin  layer  (2  oii 
thick)  polyacrylAiiddo  gels  in  varioua  pH  ranges  using  coafcinations  of 


range  of  and  would  be  of  value  for  idcroaporidian  proteins.  Vino- 

gradov at  al.  (1973)  have  described  a synthesis  of  carrier  ampholytis  in 


Sladlarlyi  the  high  coat  of  the  eootaarcially  available  apparatus  could 


(1972). 

Although  UCB  recooxnends  a etartlng  aaiperage  of  slightly  mo.,  than  2 
oA/10  Ob  of  gel  (30  bA/24  aasiples)  use  of  this  current  in  the  present 

overheating.  Such  artifacts  were  eluidnated  by  using  1 oA/10  cb  of  gal 
and  taking  longer  to  roach  tentinal  voltage.  Vaaterberg  (1973)  adjusted 


in  the  nauphor  systwo.  Ho«ever,  this  w»e  round  to  b«  ouch  too  -Ido 
A rongo  for  tho  present  wort#  Host  of  the  sanplss  used  in  the  present 
study  »ere  In  the  rsny.e  4.0-4. 5 ng/isl  and  these  gave  the  best  results. 
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29«  Goinparlson  of  idOolocLrlo  focuoi^g  spectra  froo  Ddcro- 
aporldian  isolate  942  raised  st  different  teeperatures 
and  different  aged  spores,  {a)  Isolate  942  raised  at 
16^C.  (b)  Isolate  942  raised  at  21^0.  (c)  Isolate 

942  raised  at  27®C.  Cd)  Isolate  942  raised  at  32'’0. 
(a)  Same  as  (a),  (t)  Isolate  942  raised  at  27°C  and 

atored  for  5 montha  before  disruption. 
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Figure  32. 
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